CSE681 - SW Modeling and Analysis
                       MidTerm Examination #1
  Spring 2010

Examination #1
Name:__________Instructor’s Solution_________________  SUID:________________________

This is a closed book examination.  Please place all your books on the floor beside you.  You may keep one page of notes on your desktop in addition to this exam package.  All examinations will be collected promptly at the end of the class period. Please be prepared to quickly hand in your examination at that time.

If you have any questions, please do not leave your seat.  Raise your hand and I will come to your desk to discuss your question.  I will answer all questions about the meaning of the wording of any question.  I may choose not to answer other questions.

You will find it helpful to review all questions before beginning.  All questions are given equal weight for grading, but not all questions have the same difficulty.  Therefore, it is very much to your advantage to answer first those questions you believe to be easiest.

1. Draw a diagram that illustrates all the important activities in your design for Project #2
  Provide a brief description of each activity.

Answer:

The main tasks for Project #2 are to:
· Assemble references to the file set for analysis
· Pass #1 - Find all the type definitions in each file, record in file table with type name, file name, and namespace signature.  Uses parser-based analysis.
· Pass #2a – Analyse types in each file for inheritance, aggregation, and using relationships with other types in the type table, store in relationships table, collect namespace declarations and store in table with filename.  Uses parser-based analysis.
· Pass #2b – For each file, compare its tokens with type definitions to find file to file dependencies, referring to namespace table to resolve any ambiguity between type names that may be identical but in separate namespaces.  Store in dependency table, Uses tokenizer.
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2. You’ve decided to develop a logging facility prototype for project #5
 that accepts an XML string, representing the various parts of the log message (the XML is not important for this question), and  asynchronously processes the string with a child thread so your application can quickly return to its primary activities.  Please write all the code for a function, void doLog(string logMsg), that accepts the string, creates a thread, passing it the string for appending to an XML log file.  You are asked to also write the function, which the thread runs, to open the log file and append the XML string.  You may write a small processing class that supports these operations if you wish.  Can you think of an alternate way to do this asynchronous processing without creating a thread each time you enter the function?

Answer:


  public class Log
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  {

    public void doLog(string logMsg)

    {

      msg = logMsg;

      child = new Thread(this.ThreadProc);

      child.Start();

    }

    void ThreadProc()

    {

      XmlDocument doc = new XmlDocument();

      XmlElement root = null;

      try

      {

        doc.Load("logFile");

        root = doc.SelectSingleNode("logRoot") as XmlElement;

      }

      catch

      {

        doc.RemoveAll();

        root = doc.CreateElement("logRoot");

        doc.AppendChild(root);

      }

      XmlElement el = doc.CreateElement("logEntry");

      el.InnerText = msg;

      root.AppendChild(el);

      doc.Save("logFile");

    }

    public void wait()

    {

      child.Join();

    }

    private string msg;

    private Thread child;

  }

  class MT1Q2

  {

    static void Main(string[] args)

    {

      Log l = new Log();

      l.doLog("some logged message");

      l.wait();  // need to wait before logging again or accessing log file
      XmlDocument doc = new XmlDocument();

      doc.Load("logFile");

      XmlTextWriter wr = new XmlTextWriter(Console.Out);

      wr.Formatting = Formatting.Indented;

      doc.WriteTo(wr);

    }

  }

3. As the architect of some large project, what topics must you address as you develop the initial documentation for the project?

Answer:

The initial documentation consists of an Operational Concept Document (OCD).  There are three main topic areas: users and usage scenarios, system structure, and critical issues.  Within these areas the concept must address system Goals, Uses, Tasks, Partitions, Interactions, Events, Views, and Performance.  

Your primary responsibilities are to develop and document a concept in a way that is accessible to the development team, demonstrate the concept’s feasibility, and address any issues that may be disruptive or have undue risk on cost and schedule.  An architect will often develop code prototypes while demonstrating feasibility and analyzing critical issues.


4. How would you structure the tool holster of project #5 so that you can add new tools without changing any of the tool holster code?  How will you make that structure work with an arbitrary new tool?  What do you have to require of the new tool?


Answer:

The holster must provide a plug-in interface and an object factory that will provide means to instantiate plug-in instances, either through reflection or by providing means to subscribe for invocation of a static creational function provided by the plug-in.  Provision of a delegate for that purpose is an obvious choice.  Registration would have to be part of the new tool installation, perhaps via an entry in an XML configuration file.  

The hard part is to provide an interface language that is simple but powerful enough for all communication between the holster and plug-in.  A message-passing interface makes that easier, as we can then move all interpretation of message to the client that knows about the plug-in and the plug-in itself.

So, the new plug-in tool must implement the plug-in interface, provide a creational facility for its internal objects, and document its message interpretation protocol so that clients can construct appropriate messages.


5. Write all the code for a class, CBuff, that represents a circular buffer.  CBuff provides a function, Append(T t), that accepts an instance of an arbitrary type and adds that instance to an internal collection.  The collection holds up to N items, where N is specified at the time the instance is created.  Once N items have been appended, CBuff stores only the latest N instances.  CBuff provides an index that accesses the stored instances from most recent to the oldest.

Answer:


namespace MT1Q5

{

  public class CBuff<T>

  {

    private List<T> list = new List<T>();  // see comments in MT1Q5.cs
    public int numElem { get; set; }

    public CBuff(int N)

    {

      numElem = N;

    }

    public void Append(T t)

    {

      list.Add(t);

      if (list.Count > numElem)

        list.RemoveAt(0);

    }

    public T this[int n]

    {

      get { return list[numElem - n - 1]; }

    }

    public void show()

    {

      for(int i=0; i<numElem; ++i)

      {

        if(i == list.Count)

          return;

        Console.Write("{0} ",this[i]);

      }

    }

  }

  class Program

  {

    static void Main(string[] args)

    {

      Console.Write("\n  MT1Q5 - Circular Buffer");

      Console.Write("\n =========================\n");

      CBuff<double> cb = new CBuff<double>(8);

      for(int i=0; i<10; ++i)

        cb.Append(i+0.5);

      cb.show();

      Console.Write("\n\n");

    }

  }

}
6. What are the advantages of writing multi-threaded code?  Name two situations where you are very likely to use a multi-threaded design.  What are the things related to threads that potentially can cause problems with such a design? 


Answer:

Using multiple threads allows a system to:

· be reactive to a variety of inputs and events – GUI processing
· be highly available – socket listener, for example
· use asynchronous communication patterns – as in Project #5
· handle mismatches in the rate of sending and receiving – as in radar processing
· take advantage of multiple cores
Obvious uses are in handling send and receive queues for message passing communication and also for socket listeners.

Potential problems with threads are many:

· Corruption of a shared resource due to inadequate serialization
· Race conditions that cause changes in behavior when code path timing changes
· Deadlock due to two or more threads holding resources needed by other threads and attempting to acquire a held resource from one of those others. 
· Priority inversion where a high priority thread is blocked waiting for a resource held by a low priority thread.
· Starvation, where a thread with inadequate priority is never scheduled to run.
 


7. Describe the structure of a .Net delegate.  Give an example of how you might choose to use delegates in Project #5?  In the first screenshot provided in the Project #5 statement there is a message-passing communication component.  Suppose that you wanted to allow individual libraries on the receiving end to indicate their interest in a particular message type.  How could you use the .Net delegate functionality to implement this feature?


Answer:

.Net delegates all derive from the MulticastDelegate class which in turn derives from Delegate.  A multicast delegate has the facilities to reference a single function for invocation, and hold a reference to a successor multicast delegate which continues an invocation chain.

Delegates provide the infrastructure for the Publish and Subscribe pattern.  That is, the Publisher of some set of events provides a public delegate Type and instance, both used by subscribers to add a reference to a subscriber event handler, called by a delegate invoke() when a specific event occurs.

In Project #5, the communication system has message arrival events and we may wish to have tools on the receiver subscribe to messages of interest to them, e.g., implement dispatching with delegates.  

The client’s graphical user interface will use dependency objects for event handling that work much like delegates.  

Individual clients should be able to register for tool events they are interested in and ignore others.  That too would be handled through subscription to specific message types coming in to the client’s receiver.  The client defines notifications wanted for each tool.  As the client starts each tool the appropriate delegates are wired up, and torn down when client shuts down use of that tool.
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To avoid creating thread each time can use threadpool or can queue up log requests serviced by a single member thread.








� The statement for Project #2 is attached at the end of this examination.


� The Statement for Project #5 is attached at the end of this examination.
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